WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

BOU 33/00, 23/75, C07C 1704, BOU 
37/02 



Al 



(11) International Publication Number: WO 99/42214 

(43) International Publication Date: 26 August 1999 (26.08.99) 



(21) International Application Number: PCT/GB99/00527 

(22) International Ffling Date: 19 February 1999 (19.02.99) 



(30) Priority Data: 
98/1440 
98/11882 



20 February 1998 (20.02.98) ZA 
28 December 1 998 (28.1 2.98) ZA 



(71) Applicant (for all designated States except US): SASOL 
TECHNOLOGY (PROPRIETARY) LIMITED [ZA/ZAJ; 1 
Sturdee Avenue, Rosebank, Johannesburg (ZA). 

(71) Applicant (for SD only): SASOL CHEMICALS EUROPE 
LIMITED [GB/GB]; 1 Hockley Court, 2401 Stratford Road, 
Hockley Heath, Solihull, West Midlands B94 6NW (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): VAN BERGE, Peter, Ja- 
cobus [ZA/ZA]; 4 Keiskamma Avenue, Vaalpark, Sasolburg 
(ZA). VAN DE LOOSDRECHT, Jan [NIVZA]; 1 Schu- 
bert Street, Vanderbijlpark (ZA). CARICATO, Elsie, Adri- 
ana [ZA/ZA]; 24 Osothuizen Street, Sasolburg (ZA). BAR- 
RADAS, Sean [ZA/ZA]; 18 Casa Caryl Den, Vanderbijlpark 
(ZA). 



(74) Agent: ABLEWHTTE, Alan, James; Marks & Clerk, 57-60 
Lincoln's Inn Fields, London WC2A 3LS (GB). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU. CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO. NZ, PL, FT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ. TM, TR, TT, UA, UG, US, UZ, VN, YU. 
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG, 
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European patent (AT, BE, CH, CY, DE, DK, ES, FI, 
FR, GB, GR, IE, IT, LU, MC, NL, FT, SE), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: PROCESS FOR PRODUCING HYDROCARBONS FROM A SYNTHESIS GAS, AND CATALYSTS THEREFOR 



(57) Abstract 



A method of treating a catalyst support comprises introducing onto and/or into an untreated catalyst support which is partially soluble 
in an aqueous acid solution and/or a neutral aqueous solution, Si, Zr, Cu, Zn, Mn, Ba, Co, Ni and/or La as a modifying component The 
modifying component is capable, when present in and/or on the catalyst support, of suppressing the solubility of the catalyst support in 
the aqueous acid solution and/or the neutral aqueous solution. A protected modified catalyst support which is less soluble or more inert in 
the aqueous acid solution and/or the neutral aqueous solution, than the untreated catalyst support, is thus formed. A method of forming a 
catalyst from the modified catalyst support is also provided. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


tlT.fli.rlrin rlr 

neuienanas 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cote d 'I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/42214 



PCT/GB99/00527 



1 

PROCESS FOR PRODUCING HYDROCARBONS FROM A SYNTHESIS GAS, 

AND CATALYSTS THEREFOR 

THIS INVENTION relates to a process for producing 
hydrocarbons from a synthesis gas, and to catalysts. It 
relates in particular to a method of treating a catalyst 
support to form a modified catalyst support, to a modified 
5 catalyst support thus formed, to a method of forming a 
catalyst from the modified catalyst support, to a catalyst 
thus obtained, to a process for producing hydrocarbons, and 
to hydrocarbons thus produced. 

According to a first aspect of the invention, there is 
provided a method of treating a catalyst support, which 
method comprises introducing onto and/ or into an untreated 
catalyst support which is partially soluble in an aqueous 
acid solution and/or a neutral aqueous solution, Si, Zr, 
Cu, Zn, Mn, Ba, Co, Ni and/or La as a modifying component 
which is capable, when present in and/ or on the catalyst 
support, of suppressing x the solubility of the catalyst 
support in the aqueous acid solution and/ or the neutral 
aqueous solution, thereby to form a protected modified 
catalyst support which is less soluble or more inert in the 
aqueous acid solution and/or the neutral aqueous solution, 
than the untreated catalyst support. 

The catalyst support may, in particular, be in particulate 
form. The modifying component is thus present, in the 
modified catalyst support particles, on the particle 
25 surfaces and/or in internal support frameworks of the 
particles, ie the modifying component is chemically bonded 
to the particle surfaces and/or to support frameworks of 
the particles. For example, the modifying component may be 
chemically bonded to OH (hydroxy groups) on the support 
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surfaces or via the formation of spinel structures with the 
support . 

In principle, any commercially available catalyst support 
which is partially soluble in an aqueous acid solution 
and/or in a neutral aqueous solution, can be used. 
Examples of untreated catalyst supports that can be used 
are alumina (Al 2 0 3 ) , titania (Ti0 2 ) and magnesia (MgO) . 
When the catalyst support is alumina, any suitable alumina 
support can, in principle, be used- For example, the 
alumina support may be that obtainable under the trademark 
Puralox SCCa 5/15 0 from CONDEA Chemie GmbH. Puralox SCCa 
5/150 (trademark) is a spray-dried alumina support. 
Similarly, when the catalyst support is titania, any 
suitable titania support can, in principle, be used. For 
example, the titania support may be that obtainable under 
the trademark Degussa P25 . 

The introduction of the modifying component onto and/or 
into the catalyst support may include contacting a 
precursor of the modifying component with the catalyst 
support, for example, by means of impregnation, 
precipitation or chemical vapour deposition. Such 
modifying component precursors include compounds, eg salts 
or alkoxides, containing the modifying component or 
elements, viz Si, Zr, Cu, Zn, Mn, Ba, Co, Ni, and/or La. 

In one embodiment of the invention, the modifying component 
precursor may, in particular, be a silicon-based modifying 
component precursor, eg an organic silicon compound or 
agent, so that the modifying component is silicon (Si) - 
The organic silicon compound may be tetra ethoxy silane 
CTEOS') or tetra methoxy silane ('TWOS'). 

When a silicon-based modifying component precursor is used 
with an alumina catalyst support, it may then be used in a 
quantity such that the silicon level in the resultant 
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protected modified catalyst support is at least 0,06 Si 
atoms per square nanometer of the untreated or fresh 
support, preferably at least 0,13 Si atoms per square 
nanometer of the fresh support, and more preferably at 
5 least 0,26 Si atoms per square nanometer of the fresh 

support . 

The upper limit of the modifying component, eg silicon, in 
the protected modified catalyst support may be set by 
parameters such as the degree of acidity imparted to the 

10 support by the modifying component and/or the porosity of 

the protected modified catalyst support and/br by the 
average pore diameter of the protected modified catalyst 
support. Preferably, the average pore diameter of the 
protected modified catalyst support as hereinafter 

15 described is at least 12nm, as disclosed in South African 

Patent No. 96/2759, which is hence incorporated herein by 
reference thereto. Additionally, if an objective is to 
obtain, from the protected modified catalyst support, a 
catalyst having a composition of 30g Co/10 Og A1 2 0 3/ the 

20 untreated Al 2 0 3 catalyst support, and also the protected 
modified catalyst support, must have a pore volume of at 
least 0,43mf/g, as discussed hereinafter with reference to 
Table 2. The upper limit of the modifying component, eg 
Si, in the protected modified catalyst support is thus to 

25 be selected in such a manner that the geometry, eg the 
average pore diameter and porosity, of the protected 
modified catalyst support is not detrimentally effected to 
an appreciable extent. If the support acidity is 
negatively influenced by the modifying component, eg as may 

30 be the case when silicon is used as the modifying 
component, then the upper limit of the modifying component 
in the protected modified support can, instead, be set by 
the modifying component level at which the support acidity 
becomes unacceptable. 
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Thus, when spray-dried Puralox SCCa 5/150 (trademark), 
alumina is used as the untreated or fresh catalyst support, 
sufficient silicon-based modifying component precursor is 
used such that the upper limit of silicon in the resultant 
protected modified catalyst support is 2,8 Si atoms/nm 2 of 
fresh catalyst support, preferably 2,5 Si atoms/nm 2 of fresh 
catalyst support. 

Instead, when spray-dried Puralox SCCa 5/150 (trademark) 
alumina is used as the untreated catalyst support (ie 
having a surface area of ca 15 0m 2 /g and a pore volume of ca 
0,5m£/g implying an average pore diameter of ca 13 nm) , 
then the maximum level of silicon may be set in accordance 
with Table 1. 

TABLE 1: Characteristics of silicon modified supports 



Silicon level of modified 
and calcined Al 2 0 3 

(Si atoms/nm 2 of fresh 
support) 


B.E.T. derived geometries of modified and 
calcined AUOo 


Pore volume 
(nif/g) 


Surface area 
(m 2 /g) 


Average pore 
diameter 
(nm) 


1 


0,48 


155 


13 


2,5 


0,48 


158 


12 


2,8 


0,44 


162 


11 


7,0 


0,39 


157 


10 


14,8 


0,25 


136 


7 



The organic silicon compound or agent may be dissolved in 
an impregnation solvent, which is typically an organic 
solvent capable of dissolving the silicon compound, such as 
ethanol, acetone or propanol. The catalyst support may be 
admixed with the resultant solution to form a treatment 
mixture. The treatment mixture may be maintained at an 
elevated temperature for a period of time to impregnate the 
modifying agent into and/ or onto the catalyst support . The 
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elevated temperature may be at or near the boiling point of 
the impregnation solvent. The impregnation may be effected 
at atmospheric pressure, and the period of time for which 
the impregnation is effected may be from 1 minute to 20 
hours, preferably from 1 minute to 5 hours. The excess 
solvent or solution may then be removed, to obtain a 
modified catalyst support. The removal of the excess 
solvent or solution may be effected under a vacuum of 0,01 
to 1 bar (absolute pressure: hereinafter denoted by (a)), more preferably 0,01 to 0,1 
bar (a), and at temperature equal to the boiling point of the solvent, e.g. using known 
drier equipment, fitted with a mixing device, and of which the jacket temperature is 
thus higher than the solvent boiling point. 

The method may include calcining the silicon- containing 
modified catalyst support, to obtain the protected modified 
catalyst support. The calcination of the modified catalyst 
support may be effected at a temperature from 100°C to 
800°C, preferably from 450°C to 550°C, and for a period of 
from 1 minute to 12 hours, preferably from 1 hour to 4 
hours . 

Calcination after support modification is necessary to 
decompose organic groups and to obtain the protected 
modified support. An optimized calcination time can be 
obtained by infra-red analysis of the modified support 
after calcination. 

In another embodiment of the invention, the modifying 
component precursor may be an inorganic cobalt compound so 
that the modifying component is cobalt (Co) . The inorganic 
cobalt compound, when used, may be cobalt nitrate (Co 
(N0 3 ) 2 ) . 

The inorganic cobalt compound may be dissolved in an 
impregnation solvent, which is typically water or an 
organic solvent capable of dissolving the cobalt compound, 
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such. as ethanol, acetone or propanol. The catalyst support- 
may be admixed with the resultant solution to form a 
treatment mixture. The treatment mixture may be maintained 
at an elevated temperature for a period of time to 
5 impregnate the modifying agent into and/or onto the 
catalyst support. The elevated temperature may be at or 
near the boiling point of the impregnation solvent. The 
impregnation may be effected at atmospheric pressure, and 
the period of time for which the impregnation is effected 

10 may be from 1 minute to 20 hours, preferably from 1 minute 
to 5 hours. The excess solvent or solution may then be 
removed, to obtain a modified catalyst support. The 
removal of the excess solvent or solution may be effected 
under a vacuum, preferably a vacuum of 0,01 to 1 bar (a), 

15 more preferably 0,01 to 0,1 bar (a), and at a temperature 
equal to the boiling point of the solvent, eg using known 
drier equipment, fitted with a mixing device, and of which 
the jacket temperature is thus higher than the solvent 
boiling point . 

20 The method may then include calcining the cobalt -based 
modified catalyst support, to obtain the protected modified 
catalyst support. The calcination of the modified catalyst 
support may be effected at a temperature from 400°C to 
900°C, preferably from 600°C to 800°C, and for a period of 

25 from 1 minute to 12 hours, preferably from 1 hour to 4 
hours to ensure the formation of a relatively water 
insoluble CoAl spinel layer uniformly covering the total 
support surface area. 

In yet another embodiment of the invention, the modifying 
30 component precursor may be an organic zirconium compound so 
that the modifying component is zirconium (Zr) . The 
contacting of the precursor and the calcination of the 
modified catalyst support may then be effected in similar 
fashion to the contacting and calcination hereinbefore 
35 described for the cobalt modifying component. 
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The invention extends to a protected .modified catalyst 
support, when obtained by the method as hereinbefore 
described. 

According to a second aspect of the invention, there is 
provided a method of forming a catalyst, which method 
comprises mixing a protected modified catalyst support as 
hereinbefore described with an aqueous solution of an 
active catalyst component or its precursor, to form a 
slurry, and impregnating the protected modified catalyst 
support with the active catalyst component or its 
precursor, to form the catalyst. 

The active catalyst component precursor may be cobalt 
nitrate (Co(N0 3 ) 2 ) so that the active catalyst component in 
and on the catalyst is cobalt. The support may, as 
hereinbefore described, be alumina. 

The method of forming the catalyst may be in accordance 
with that described in South Africa Patent No. 96/2759 
which is thus incorporated herein by reference. Thus, the 
mixing of protected modified catalyst support and the 
active catalyst component or its precursor aqueous 
solution, and the impregnating, may comprise subjecting a 
slurry of the catalyst .support or carrier, water and the 
active catalyst component or its precursor to a sub- 
atmospheric pressure environment; drying the resultant 
impregnated carrier under a sub -atmospheric pressure 
environment, and calcining the dried impregnated carrier, 
to obtain the Fischer-Tropsch catalyst in unreduced form. 
The unreduced catalyst thus obtained may be washed, eg with 
water, as also described in ZA 96/2759, to remove unwanted 
contaminants . 

However, the water washing described in ZA 96/2759 can be 
omitted, under certain conditions. For example, if the 
following two- stage cobalt slurry phase impregnation and 
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calcination of the. active catalyst component precursor, in 
which the carrier or support is alumina, is followed, then 
water washing of the resultant catalyst is not required. 

Thus, in a first stage or step, if it is assumed that the 

5 BET pore volume of the alumina support is x ml/g, and that 
y kg of the support is to be impregnated, the following 
procedure will ensure proper impregnation: 

(l,82xy)kg Co(NO 3 ) 2 .6H 2 0 is dissolved in distilled 
water, aiming for a final volume of >xy, preferably 

L 0 2xy, litre. This solution is added to a vacuum drier, 

and heated to a temperature between 60 and 95 °C. To 
this solution, the total inventory of y kg support 
material is added at atmospheric pressure whilst 
continuous mixing of the slurry is maintained, eg by 

15 means of an internal rotating screw in a conical type 

vacuum drier. With the gradual application of vacuum, 
under continuous mixing at a temperature between 60 
and 95 °C, the loss on ignition (L.O.I.) content of the 
slurry is reduced (over 3 (or more) hours) from 

20 >(136,4x)/ (1+1, 86x), preferably (236, 4x) / (1+1, 86x) 

mass % to the state of incipient wetness. Loss on 
ignition (L.O.I.) is defined as the mass % loss 
observed during complete calcination, ie complete 
decomposition to Co 3 0 4 /Al 2 0 3 . This gradual drying 

25 procedure ensures that the cobalt is quantitatively 

drawn into the pores of the Al 2 0 3 support without the 
occurrence of localized saturation, which results in 
premature crystallization of cobalt nitrate. 

At the state of incipient wetness (L.O.I, of 
30 (136,4.x)/ (1+1, 86x)) ( maximum vacuum (<20 kPa(a)) 

should be applied whilst ensuring that the bed 
temperature does not drop below 60°C under continuous 
mixing. Once the stage of incipient wetness has been 
reached, vacuum drying should preferably proceed in an 
35 uninterrupted fashion, ideally at the conditions: 
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>60°C (but not higher than 95°C) , and a vacuum, 
of <20 kPa(a) . 

Vacuum drying under these specific conditions should 
be maintained until a L.O.I. <90% of the L.O.I, value 
5 at incipient wetness has been reached. 

Direct calcination of this dried material in a 
fluidized bed, or a rotary kiln, calciner at 200-300°C 
(ideally 250°C) is then preferably effected. 

In a second stage or step, if it is assumed that the BET 
10 pore volume of the first stage calcined material is x'mf/g, 
and that y'kg of this material is to be impregnated for a 
. second time, the following procedure will ensure proper 
impregnation: 

A maximum of (l,82x'y') kg Co(N0 3 ) 2 .6H 2 0 can be added 
15 during this second impregnation, but this may exceed 

the aimed for cobalt loading of - the catalyst. Table 
2 provides the correlation between the pore volume of 
the starting Al 2 0 3 (ie x m£/g) , and the maximum 
attainable cobalt loading to be associated with a two- 
20 step impregnation procedure: 



WO 99/42214 



PCT/GB99/00527 



10 . 
TABLE 2 



Pore volume of starting 
support material (m£/g) 


Maximum attainable cobalt 
catalyst loading during a 
catalyst preparation which 
is limited to 2 
impregnation steps 


0 50 
0,49 
0,48 
0,47 
0,46 

i 0,45 
0,44 
0,43 
0,42 
0,41 
0,40 


35, 5g Co/lOOg A1 2 0 3 
34, 7g Co/lOOg Al 2 0 3 
33, 9g Co/lOOg Al 2 0 3 
33, lg Co/lOOg A1 2 0 3 
32, 4g Co/lOOg Al 2 0 3 
31, 6g Co/lOOg Al 2 0 3 
30, 8g Co/lOOg A1 2 0 3 
30, lg Co/lOOg A1 2 0 3 
29, 3g Co/lOOg Al 2 0 3 
28, 6g Co/lOOg Al 2 0 3 
27, 8g Co/lOOg A1,0, 



If the objective is a final catalyst of composition 30g 
Co/lOOg A1 2 0 3 , the starting Al 2 0 3 support must have a pore 
volume a0,43mf/g. If, however, the pore volume is larger 
than 0,43m£/g, the estimated amount of (l,82x'y')kg 
Co(N0 3 ) 2 .6H 2 0 should be adjusted in order to ensure the 
desired catalyst composition. This amount of Co (N0 3 ) 2 . 6H 2 0 
is dissolved in distilled water aiming for a final volume 
of >x'y', preferably 2x'y' , litre. This solution is added 
to a vacuum drier, and heated to a temperature between 60 
and 95 °C. To this solution, the final inventory of y» kg 
of the first stage material is added at atmospheric 
pressure, whilst continuous mixing of the slurry is 
maintained, eg by means of an internal rotating screw in a 
conical type vacuum drier. With the gradual application of 
vacuum, under continuous mixing at a temperature between 60 
and 95°C, the L.O.I, content of the slurry is reduced (over 
3 or more hours) to the state of incipient wetness. As 
stated hereinbefore, this gradual drying procedure ensures 
that the cobalt is quantitatively drawn into the pores of 
the support material without the occurrence of localized 
saturation, which results in premature crystallization of 
cobalt nitrate. 
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At the stage of incipient wetness, maximum vacuum. 
(<20kPa(a)) should be applied whilst simultaneously 
ensuring that the bed temperature does not drop below 60°C 
under continuous mixing- Once the stage of incipient 
wetness has been reached, vacuum drying should proceed in 
an uninterrupted fashion, ideally at the conditions: 

>60°C (but not higher than 95°C) , 

and a vacuum of <20kPa(a) 

Vacuum drying under these specific conditions should be 
maintained until a L.O.I. <90% of the L.O.I, value at 
incipient wetness has been reached. 

Direct calcination of this dried material in a fluidized 
bed, or a rotary kiln, calciner at 200-300°C (ideally 
250°C) is then preferably effected. 

During either, or both, of the two abovementioned slurry 
phase cobalt impregnation steps, a water soluble precursor 
salt of Pt or Pd may be added, as a dopant capable of 
enhancing the reducibility of the active component. The 
mass proportion of this dopant, when used, to cobalt may be 
between 0,01:100 and 0,3:100. 

The invention extends also to a catalyst, when obtained by 
the method as hereinbefore described. 

This catalyst is thus in unreduced form, and requires 
reduction or activation before it can be used. This may be 
effected by subjecting it to heat treatment under the 
influence of a reducing gas such as hydrogen. 

According to a third aspect of the invention, there is 
provided a process for producing hydrocarbons, which 
includes contacting a synthesis gas comprising hydrogen (H 2 ) 
and carbon monoxide (CO) at an elevated temperature between 
180°C and 250°C and an elevated pressure between 10 and 40 
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bar with a catalyst as hereinbefore described, after 
activation or reduction thereof, to obtain hydrocarbons, by 
means of a slurry phase Fischer-Tropsch reaction of the 
hydrogen with the carbon monoxide. 

The invention extends also to hydrocarbons, when produced 
by the process as hereinbefore described. 

It is known that an alumina supported cobalt based slurry 
phase Fischer-Tropsch catalyst produces a wax product when 
used in a Fischer-Tropsch reaction of a synthesis gas, 
comprising hydrogen and carbon monoxide. 

Such catalysts have hitherto preferably been produced by 
slurry impregnation. of an alumina support using an aqueous 
cobalt nitrate precursor solution, of which the pH can vary 
between 1 and 6. The alumina support partially dissolves 
in aqueous acid, as well as neutral aqueous solutions. 
After dissolution the aluminium ions can, in the presence 
of cobalt ions, re-precipitate as hydrotalcite-like 
structures, eg Co 6 Al 2 C0 3 (OH) 16 .4H 2 0. These amorphous 
hydrotalcite-like structures are physically adsorbed and 
loosely bonded to the original alumina surface. The 
formation of irregular structures on the surfaces of 
supports present after impregnation of, respectively, 
alumina with an aqueous nickel nitrate solution, magnesia 
with an aqueous ruthenium chloride solution and titania 
with an aqueous platinum chloride solution is also found. 
This phenomenon is thus not limited to alumina (Al 2 0 3 ) , but 
can also be found when using alternative supports such as 
magnesia (MgO) and titania (Ti0 2 ) • 

A serious problem that can arise when such catalysts, which 
are thus prepared on untreated supports, are used, as 
observed during larger scale pilot plant synthesis runs, is 
the undesired high cobalt content of the wax product. 
Commercialisation of .the slurry phase Fischer-Tropsch 



WO 99/42214 



PCT/GB99/00527 



13 

synthesis process, using the known untreated alumina 
supported cobalt catalyst, can result in the wax product 
containing more than 50ppm cobalt, after filtration through 
a Whatmans 4.2 (trademark) filter paper (hereinafter 
referred to as "the filtered wax product" or "the filtered 
wax") . During slurry impregnation of an untreated alumina 
support, using an aqueous cobalt nitrate solution, cobalt 
nitrate will deposit on the loosely bonded hydrotalcite- 
like structures. These cobalt on loosely bonded 
hydrotalcite-like structures can dislodge during extended 
runs and contaminate the wax product with cobalt rich ultra 
fines. These fines, of submicron nature, exit the reactor 
in the waxy hydrocarbon product. Due to the high cost of 
cobalt, this is a highly undesirable problem which has thus 
been solved, or at least .alleviated, with this invention. 
Said alumina support should thus be protected during 
aqueous slurry impregnation by improving the inertness of 
the alumina surface, to prevent formation of cobalt ultra 
fines during Fischer-Tropsch synthesis. This is achieved 
in the present invention. 

The invention will now be described in more detail with 
reference to the following non- limiting examples and with 
reference to the drawings. 

In the drawings 

FIGURE 1 shows dissolution profiles for a pure or 
unmodified alumina support, and silica modified alumina 
supports according to the invention; 

FIGURE 2 shows dissolution profiles for an unmodified 
alumina support, illustrating the influence of solids 
concentrations ; 

FIGURE 3 shows a parity plot of percentage carbon atom 
C 19+ selectivities of a 20 mass % cobalt supported catalyst 
prepared on a Si modified alumina support (surface 
concentration of 2,5 Si atoms per nm 2 support) and its 
unmodified alumina supported equivalent; 
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FIGURE 4 shows the cobalt content of filtered waxes, 
produced on Pilot Plant scale, using supported cobalt, 
catalysts obtained from unmodified alumina supports, and 
silica modified alumina supports according to the 
invention; 

FIGURE 5 shows the cobalt content of filtered waxes 
produced on Works Pilot Plant scale using supported cobalt 
catalysts obtained from unmodified alumina as well as 
silica modified alumina in accordance with the invention; 

FIGURE 6 shows dissolution profiles for an unmodified 
alumina support, and a cobalt modified support according to 
the invention; 

FIGURE 7 shows dissolution profiles for a pure or 
unmodified titania support, and silica modified titania 
supports according to the invention; 

FIGURE 8 shows dissolution profiles for a pure or 
unmodified alumina support, and silica modified alumina 
supports according to the invention,- 

FIGURE 9 shows the cobalt content of filtered waxes 
produced on Pilot Plant scale using supported cobalt 
catalysts obtained from unmodified alumina as well as from 
silica modified alumina in accordance with the invention,- 

FIGURE 10 shows dissolution profiles for a pure 
alumina support, and a zirconium modified alumina support 
according to the invention; 

FIGURE 11 shows dissolution profiles for different 
alumina crystal phases,- and 

FIGURE 12 shows a plot of relative support acidity 
against silicon content of alumina. 

EXAMPLE 1 

1.1 Modification of alumina support' 

A spray- dried Puralox SCCa 5/150 (trademark) alumina 
support, in the form of spherical particles, obtainable 
from Condea Chemie GmbH of Uberseering 45, 22297, Hamburg, 
Germany, was used. The surfaces of^the support particles 
were modified with silicon. An impregnation method was 
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used to achieve the modification. Thus, silicon, in the 
form of TEOS (tetra ethoxy silane) as precursor, was added 
to ethanol at 60°C, which was thus used as an impregnation 
solvent. The particulate alumina support was added to this 
solution, which was then kept at 50°C-75°C for 1 hour. 
Subsequently, the solvent was removed under vacuum at 
29, 5-88, 8kPa(a) , with a jacket temperature of the drier 
equipment of 95°C. The resultant modified support, in 
particulate form, was then calcined at 500°C for 2 hours, 
to obtain a particulate protected modified catalyst 
support. Any volatile organic solvent can, in principle, 
be used provided that TEOS is soluble therein. 

A maximum of 2,5 atoms Si/nm 2 alumina can be added in one 
impregnation step using ethanol as impregnation solvent. 
Acetone can instead be used as solvent- The silica level 
can be increased by multiple impregnation steps: However, 
higher levels of silica due to multiple impregnations could 
lead to multi layers of silica, changing the geometry 
and/or chemical reactivity of the catalyst support. 

Calcination after support modification is necessary, to 
decompose the organic groups and to obtain the protected 
silicon modified alumina support, through dehydration of 
the resultant AlOSi[OH] 3 species. Infra-red analysis of the 
modified support after 1, 2 and 12 hours of calcination 
showed that the methyl and ethyl peaks of the ethoxy groups 
disappeared after 2 hours of calcination. The optimized 
calcination time is, therefore, 2 hours. 

The addition of silica did not detrimentally alter the 
geometry of the alumina support. The pore volume and 
surface area of the untreated alumina support were: 

Surface area: 150m 2 /g 

Pore volume: 0,50m£/g 
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The support geometry is important with respect to Fischer T 
Tropsch synthesis performance of the resultant catalyst 
based thereon, to obtain a desired activity and/or 
selectivity without the use of synthesis enhancing 
promoters eg the carrier preferably has a specific minimum 
pore size, eg a pore size of at least 12 nm. 

1 . 2 Conductivity measurements 

Alumina dissolves in an aqueous medium at low pH. The 
dissolution of alumina results in the formation of 
aluminium ions. As more alumina dissolves, the 
concentration of aluminium ions increases with time. The 
increase of aluminium ions with time was followed by 
monitoring the conductivity at a constant pH of 2. The pH 
was kept constant by automated addition of a 10% nitric 
acid solution. The results are set out in Figures 1 and 8. 

In Figures 1 and 8, the cumulative mg Al dissolved per m 2 
fresh support were plotted against time. It can.be seen 
that the unprotected pure alumina dissolves faster than the 
protected silicon modified alumina. Moreover, a higher 
level of silica provides better protection against 
aqueous/acid attack, ie the support modified by 4,3 Si 
atoms/nm 2 fresh alumina exhibits the highest suppression of 
alumina dissolution. Solid concentrations do not seem to 
exert- a significant influence on the dissolution profile, 
as shown in Figure 2. 

1.3 TEM experiments 

Cobalt based alumina supported catalysts were prepared 
on the modified alumina supports of 1.1, using the method 
described in Example 60 of ZA 96/2759. The presence of an 
amorphous hydrotalcite-like layer was investigated by High 
Resolution Scanning Electron Microscopy (HRSEM) , and 
Transmission Electron Microscopy (TEM) . TEM micrographs 
identified the presence of an amorphous layer in ^samples 
prepared with unmodified alumina supports. Sub-micron pure 
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boehmite star-like crystals were also observed in these. 
samples, thus confirming dissolution followed by 
recrystallisation. During slurry impregnation of the 
catalyst support to obtain the resultant cobalt based 
catalyst, the active phase (cobalt) will deposit on the 
physically bonded hydrotalcite-like structures. This 
active cobalt phase, deposited on the physically bonded 
hydrotalcite layer, may dislodge during Fischer-Tropsch 
synthesis and contaminate the wax product with active 
phase- containing ultra fines. These amorphous layers and 
the star-like crystals are not present in catalysts 
prepared on the modified alumina supports. Hence, 
formation of active phase ultra fines, when using catalysts 
prepared using the modified supports of the invention, are 
at least minimized. The amorphous layer is not specific 
for alumina, but has also previously been found in Ti0 2 and 
MgO supported catalysts. In all three cases, the amorphous 
layers were physically bonded to the support, with the 
subsequent catalyst preparation steps, ie calcination 
and/or reduction, unlikely to provide sufficiently high 
temperature to achieve recrystallization into, eg spinels. 

1.4 Fischer-Tropsch synthesis tests 

It would have been expected that the incorporation of 
silicon into the alumina framework might influence the 
acidity of the resultant support and could negatively 
influence the hydrocarbon product selectivity during 
Fischer-Tropsch synthesis utilizing a catalyst prepared on 
such supports. However, to prevent the undue introduction 
of surface acidity of the alumina support, after TEOS 
impregnation, the modified support was only calcined at 
<700°C, preferably at 500°C, to remove the organic groups 
and dehydrate the support without significant incorporation 
of Si into the Al 2 0 3 framework, at which temperature it is 
believed that negligible zeolite type surface acidity will 
result . 
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1.5 Laboratory slurry phase Fischer-Tropsch synthesis 
tests: 

Between 10 and 30g properly externally reduced 
catalyst, prepared on preshaped spray-dried modified or 
unmodified support, ranging between 38/im to 150/im, was 
suspended in 300m£ molten wax and loaded in a CSTR with an 
internal volume of 500m£. The feed gas consisted of 
hydrogen and carbon monoxide in a H 2 /C0 molar ratio from 
1,5/1 to 2,3/1- This reactor was electrically heated and 
sufficiently high stirrer speeds were employed so as to 
eliminate any gas-liquid mass transfer limitations- * The 
feed flow was controlled by. means of Brooks mass flow 
controllers, and space velocities ranging from 2 and 4 
m 3 n /(h.kg catalyst) were used. GC analyses of the permanent 
gases as well as the volatile, overhead hydrocarbons were 
used in order to characterize the product spectra. 

All catalysts were prepared according to the procedure 
described for Example 60 of ZA 96/2759 and reduced, prior 
to synthesis, in a tubular reactor at a pure hydrogen space 
velocity of 2500h~ 1 and atmospheric pressure. The 
temperature was increased from room temperature to 350°C to 
425 °C at a rate of l°C/min, after which isothermal 
conditions were maintained for 6 to 16 hours. The results 
are given in Tables 3 and 4 . 
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TABLE 3: Laboratory CSTR Fischer-Tropsch synthesis 
performance comparison between catalysts prepared 
on unmodified, 1,0 Si atom/nm 2 and 2,2 Si 
atoms/nm 2 Al 2 0 3 modified supports 







2.2 Si 
atoms /nnr 


1,0 Si 
atom/nnr 


Unmodified 
alumina 


5 


Svnthesis conditions 
Calcined catalyst mass (g) 
Reactor temperature (°C) 
Reactor pressure (bar) 
Time on stream (h) 


21,5 
220 
20 
20 


24,2 
219,6 
19,9 
22 


23,3 
220,4 
20,6 
15 


10 


Feed gas composition: 
H 2 (vol%) 
CO(vol%) 
C02<vol%) 


50,1 
26,9 
0,4 


55, 5 
24,1 
0,4 


51, 4 
28,0 
0,5 


15 


Syngas (H 2 +C0) space velocity 
(m 3 n /kg cat/h) 


2,2 


3,0 


2,2 


20 


Rector partial pressures: 
H2(bar) 
CO (bar) 
H 2 0(bar) 
C02<bar) 

Svnthesis performance 


3,4 

1,9 
5,5 

0,3 


4,8 
2,4 
4,7 
0,2 


3,7 
2,5 
5,6 
0,4 




Convers ions : %CO 

%syngas 


76,1 
76,4 


66,7 
70,1 


70,9 
74,5 


25 


Productivity (kg HC/kg cat/h) 
Relative intrinsic specific 
Fischer-Tropsch activity 


0,358 
1,04 


0,433 
1,08 


0,343 
1,.00 




% C-atom CH 4 selectivity 


6,6 


6,7 






%CO of total amount of CO 
converted to CO2 


3,9 


1,8 


:: 1 



During the laboratory CSTR Fischer-Tropsch slurry phase 
synthesis runs reported in Table 3, prepared on either 
unmodified or on silica modified alumina, the filtered wax 
produced remained white and the cobalt content was below 
the detection limit (<lppm) . 

Having applied a reported cobalt based Fischer-Tropsch 
kinetic equation, such as: 

r FT = ^FT *co' 
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the Arrhenius derived pre -exponential factor of was 
estimated for each of the 3 reported runs- By defining the 
relative intrinsic specific Fischer-Tropsch activity as 
(pre -exponential factor of Si modified catalyst) / (pre- 
exponential factor of the unmodified catalyst) , it can be 
concluded that support modification did not affect the 
intrinsic activities. 
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A graphical illustration of Table 4 is presented in Figure 
3 indicating that at conditions favouring high molecular 
weight selectivities, it could be concluded that the 
catalyst prepared on a Si modified support does under 
5 achieve somewhat . 

During a confidential Pilot Plant Fischer-Tropsch synthesis 
test run, using 5 kg of catalyst prepared on unmodified 
alumina, in a 11m high bubble column slurry reactor (ie 
Pilot Plant scale) with an external recycle, the filtered 
10 wax product turned grey after about 10 days on line and the 
cobalt content increased to 350ppm after 25 days on line, 
as shown in Figure 4. 

A similar observation was made during a confidential test 
run, in a 25m high bubble column slurry reactor (ie Works 
15 Pilot Plant scale) with sufficient backmixing to ensure a 
uniform catalyst suspension, using 1500 kg of catalyst 
prepared on unmodified alumina, as shown in Figure 5. 

In both these Pilot Plant reactors, the mechanical stress 
on the catalyst is significantly more severe than in the 
20 laboratory CSTR reactor. 

The presence of a high cobalt content in the wax product is 
believed to be due to the dislodgement of cobalt 
crystallites deposited on top of the physically bonded 
cobalt containing hydrotalcite-like structures, present in 
25 the catalyst after aqueous slurry impregnation, when the 
catalyst is prepared from an unmodified support. 

Pilot Plant synthesis test runs with catalysts prepared on 
1,0 Si atoms/nm 2 Al 2 0 3 and 2,2 Si atoms/nm 2 Al 2 0 3 modified 
alumina support showed a substantial improvement with 
30 respect to the submicron cobalt particulate contamination 
in the filtered wax product. After 70 days on line the 
catalyst with 2 Si atom/nm 2 Al 2 0 3 did not show any cobalt in 
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the filtered wax product (Figure 4) . A test run in the" 
Works Pilot Plant bubble column slurry reactor with 1000 kg 
of catalyst prepared on 1,0 Si atoms/nm 2 Al 2 0 3 modified 
alumina support also showed a dramatic improvement in the 
cobalt content in the wax product compared to the run with 
the catalyst on the unmodified support (Figure 5) . The 
cobalt content in the wax product was on average between 5 
and lOppm. 

From the Works Pilot Plant synthesis tests, it can be seen 
that the improvement of the inertness of the alumina 
support by modifying it with silica, as was shown by TEM 
and conductivity measurements, also prevented the 
dislodging of ultra fine cobalt rich particulates during 
slurry phase Fischer-Tropsch synthesis. 

EXAMPLE 2 

2.1 Modification of alumina support 

Cobalt, in the form of cobalt nitrate as precursor, 
was added to acetone at 45°C. Acetone was thus used as an 
impregnation solvent. A particulate alumina support was 
added to this solution, and the resultant mixture kept at 
60°C for 10 minutes. The solvent was then removed under a 
vacuum of 3 kPa(a) with a jacket temperature of the drier 
equipment at 95 °C. The resultant modified support was 
subsequently calcined at 800°C for 2 hours to obtain a 
protected modified catalyst support. 

The high calcination temperature was aimed at obtaining a 
spinel-type protected modified support. 

In Figure 6, the dissolution profiles for untreated and 
cobalt modified alumina supports, in accordance with this 
Example, are plotted. Figure 6 shows that modification of 
the untreated alumina support with cobalt, increased the 
resistance to dissolution. 
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The addition of cobalt had a small effect on the geometry 
of the support: 



Before modification: 



After modifications 



Surface area: 
Pore volume: 
Surface area: 
Pore volume: 



155 m 2 /g 
0,48 cc/g 
154 m 2 /g 
0,43 cc/g 



EXAMPLE 3 

3.1 Mnriif ication of t ^artia support 

Particulate titanium dioxide (Degussa P25 (trademark) ) 
10 support was calcined at 650-C for 16 hours, spray dried and 
classified to 75-150 micron. The support had a rutile 
content of 80% and a surface area of 27m 2 /g. 

This support was also modified in the same fashion as 
described in Example 1 by addition of TEOS and calcination 
15 at 500°C. The silicon content was analyzed as 4,5 Si 

atoms/nm 2 fresh support. 

Titania dissolves in an aqueous acid medium. The 
dissolution of titania results in the formation of titanium 
ions. The increase of titanium ions with time was followed 
20 by monitoring the conductivity at a constant pH of 2. The 
pH was kept constant by automated addition of a 10% nitric 
acid solution. 

In Figure 7, the dissolution profiles of titania are 
plotted. This indicated that modification of the pure 
25 titania did bring along an increase in resistance to 
dissolution. 

EXAMPLE 4 

A Puralox 5/150 alumina support surface was modified with 
silicon. The method of Beguin B Garbowski E and Primet M, 
30 J. Catal. 1991, 127, 595 was used as background for the 
silicon modification or impregnation method. Silicon, 
using TEOS (tetra ethoxy silane) as modifying component 
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precursor, was added to ethanol at 50-75°C which was thus 
used as an impregnation solvent. Alumina was added to this 
solution, which was then kept at 50-75-C for 1 hour. 
Subsequently, the solvent was removed under vacuum at 
29,5-88,8 kPa(a) with a jacket temperature of the drier 
equipment of 95°C. The modified support obtained was then 
calcined at 500°C for 2 hours. Any organic solvent can be 
used as long as TEOS is soluble in it. 

The amount of precursor was such that the final silicon 
level was 0,26 Si atoms/nm 2 of fresh alumina support. 

EXAMPLE 5 

A modified support was prepared in the same way as in 
Example 4 except that the amount of precursor added was 
such that the final silicon level was 1,0 Si atoms/nm 2 of 
fresh alumina support. 

EXAMPLE 6 

A modified support was prepared in the same way as Example 
4 except that the amount of precursor added was such that 
the final silicon level was 2,0 Si atoms/nm 2 of fresh 
alumina support. 

example 7 - Conductivi ty Measurements 

Figure 8 shows that the dissolution of alumina is also 
suppressed by the introduction of relatively small 
quantities of silicon. Levels as low as 0,26 Si atoms/nm 2 
of fresh alumina support offer protection against 
dissolution, with increasing protection as the silicon 
level increases. 



EXAMPLE 8 

Silicon levels of 2,5 atoms/nm 2 of fresh alumina support 
were found to be the maximum attainable level to be 
achieved via a single impregnation step as per Example 1. 
Silicon levels of 2,8 Si atoms/nm 2 fresh support, 4,3 Si 
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atoms/rim 2 fresh support, 7,0 Si atoms/nm 2 fresh support and 
14,8 Si atoms/nm 2 fresh support were prepared as described 
in Example 4 with the exception that multiple impregnation 
steps were employed with a 500°C for 2 hours calcination 
treatment after each ccmsecutive impregnation step. 

EXAMPLE 9 - Fischer-Tronsch Synthesis Test 
A pilot plant batch (ca 3 0kg) of catalyst was prepared on 
a particulate alumina support which had been modified with 
the lowest silicon level, ie 0,26 Si atoms/nm 2 of fresh 
alumina support. This catalyst was tested during a 
confidential pilot plant Fischer-Tropsch synthesis run in 
a 11m high bubble column reactor with an external recycle. 
Figure 9 shows a comparison of the cobalt content in the 
secondary filtered wax between this run and a run performed 
using a catalyst on an unmodified support. No cobalt was 
shown in the filtered wax product of the modified catalyst. 

Thus a level of 0,26 Si atoms/nm 2 of alumina support 
successfully suppressed the dissolution characteristics to 
such an extent that the formation of cobalt rich ultraf ine 
particulate material during slurry phase Fischer-Tropsch 
synthesis was successfully suppressed. 

EXAMPLE 10 

Zirconium, in the form of zirconium isopropoxide, was added 
under an inert atmosphere to isopropanol. Isopropanol was 
thus used as the impregnation solvent. A particulate 
alumina support was added to this solution, and the mixture 
stirred at 60 °C for 1 hour. The solvent was then removed 
under a vacuum of 3kPa(a) with a jacket temperature of the 
drier equipment at 95°C. The resultant modified support 
was subsequently calcined at 600°C for 2 hours to obtain a 
protected modified catalyst support. The amount of 
modifying component was found to be 0,1 Zr atoms per square 
nanometer fresh support. 



WO 99/42214 



PCT/GB99/00S27 



27 

In. Figure 10, the dissolution profile of the fresh Condea 
Puralox SCCa 5/150 (trademark) alumina support is plotted 
against the dissolution profile of the zirconium modified 
alumina support described above. The addition of zirconium 
5 to the fresh support thus improved the resistance of the 
support to dissolution and aqueous/acid attack. 

EXAMPLE 11 

Dissolution profiles of different alumina crystal phases 
were determined and compared to the commercially available 
10 Condea Puralox SCCa 5/150 (trademark) alumina support, 
which was used in, for example, Example 1. The results are 
given in Figure 10. 

The crystal phases that were tested, were delta, gamma and 
alpha alumina. The pure aluminas were prepared by 

15 calcination of the raw alumina material boehmite or Al(OH) 3 
at different temperatures; gamma alumina being obtained at 
the lowest calcination temperature between 500°C to 700°C, 
followed by delta alumina at a calcination temperature of 
850°C, and alpha alumina at a calcination temperature of 

20 1150°C. 

The surface area of these supports is greatly affected by 
the calcination temperature. Thus, a support, which 
contains mostly gamma alumina, will have the highest 
surface area, which is desirable in heterogeneous 

25 catalysis. The gamma alumina support, however, exhibited 
a higher dissolution behaviour after 30 hours compared to 
delta and alpha alumina. It is known that OH groups 
present on the surface of an alumina support can act as 
initiators for aluminium extraction and therefore 

30 dissolution. Calcination of alumina at high temperatures 
causes dehydration of the support and therefor loss of 
surface hydroxyl groups. 



WO 99/42214 



PCT/GB99/00527 



28 

Thus, from Figure 11, it is clear that delta alumina has a 
lower dissolution profile than gamma alumina, while alpha 
alumina has a lower dissolution profile than delta alumina. 
It can therefore be concluded that an alumina Fischer- 
Tropsch catalyst support, which mainly consists of a 
mixture of delta and gamma alumina, such as, for example, 
Condea Puralox SCCa 5/150 (trademark) alumina support would 
be susceptible to aqueous/acid attack and subsequent 
dissolution. 

EXAMPLE 12 

The acidity of a Fischer-Tropsch catalyst support plays an 
important role in the selectivity of said catalyst under 
Fischer-Tropsch synthesis conditions. By modifying the 
support with silica, as shown in Example 1, the support 
acidity can possibly be influenced negatively. A test 
reaction can determine whether the support's acidity or 
basicity is influenced. 

The dehydration reaction rate of isopropanol over a 
catalyst gives a relative indication of the acidity of the 

catalyst : 

CH 3 CH(OH)CH 3 -* CH 2 =CHCH 3 + H 2 0 
Catalyst 
Acidity 

By measuring the propylene formation rate over different 
supports, their relative acidity can be compared. 

Silica was impregnated at four different levels onto a 
Condea Puralox SCCa 5/150 (trademark) alumina support by 
using TEOS as silica source, as detailed in Example 1. 
After impregnation, the supports were calcined at 500°C. 
The silica levels were 2,5, 3,5, 8,5 and 15,6 Si atoms/nm 2 
fresh support respectively. 
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Test procedure : 

In each test run, 3,5g of the modified support was loaded 
into a micro fixed bed reactor. The modified support was 
heated to 195 °C under hydrogen flow at atmospheric 
pressure- After the temperature had stabilized at 195°C / 
isopropanol was co-fed to the reactor at a fixed liquid 
flow rate of 30g/h, whilst the H 2 flow was maintained at 
12£ n /h. An online GC was used to analyze the reaction 
products after 15 minutes online. The relative support 
acidity of modified support 2 is defined as: (observed 
propylene formation rate of support Z)/ (observed propylene 
formation rate of the fresh support) , with the rates being 
expressed per unit surface area. 

Figure 12 clearly indicates that the acidity of the silicon 
modified supports sharply increases at a level exceeding 
2,5 Si atoms/nm 2 of fresh alumina support. Seeing, however, 
that an upper silicon modification level of 2,5 Si atoms/nm 2 
fresh alumina support is also the preferred upper Si level 
from a geometry influencing point of view, both of these 
upper Si level controlling criteria can successfully be met 
simultaneously . 

The Inventors have thus developed a catalyst impregnated on 
a modified catalyst support with excellent Fischer-Tropsch 
synthesis behaviour, resulting in high activity and 
selectivity. It was surprisingly found that an increased 
support inertness towards an acidic aqueous attack during 
slurry phase impregnations, resulted in a dramatic decrease 
in the formation of active phase containing ultra- fines 
during slurry phase Fischer-Tropsch synthesis. A slurry 
phase Fischer-Tropsch process, using the modified supported 
catalyst, will thus result in a wax product containing less 
than 50ppm active phase ultra fines throughout extended 
synthesis runs, thus reducing the cost for the catalyst 
used in the slurry phase Fischer-Tropsch process 
substantially. The problem of removing solids from the 
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simplified due to the extreme difficulty with which 
separation of submicron particulates from this liquid 
product is achieved. 
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CLAIMS : 

1. a method of treating a catalyst support, which 
method comprises introducing onto and/or into an untreated 
catalyst support which is partially soluble in an aqueous 
acid solution and/or a neutral aqueous solution, Si, Zr, 
Cu, Zn, Mn, Ba, Co, Ni and/or La as a modifying component 
which is capable, when present in and/or on the catalyst 
support, of suppressing the solubility of the catalyst 
support in the aqueous acid solution and/ or the neutral 
aqueous solution, thereby to form a protected modified 
catalyst support which is less soluble or more inert in the 
aqueous acid solution and/ or the neutral aqueous solution, 
than the untreated catalyst support. 

2. a method according to Claim 1, wherein the 
catalyst support is in particulate form, with the modifying 
component being present, in the modified catalyst support 
particles, on the particle surfaces and/ or in internal 
support frameworks of the particles by being chemically 
bonded to hydroxy groups on the support surfaces or through 
the formation of spinel structures with the support. 

3. a method according to Claim 2, wherein the 
untreated catalyst support is alumina, titania or magnesia, 
and wherein the introduction of the modifying component 
onto and/or into the catalyst support includes contacting 
a precursor of the modifying component with the catalyst 
support, and thereafter calcining the modifying component - 
containing modified catalyst -support, to obtain the 
protected modified catalyst support. 

4. a method according to Claim 3, wherein the 
contacting of the precursor with the catalyst support 
includes dissolving the precursor in an impregnation 
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solvent; admixing the particulate catalyst support with the 
resultant solution to form a treatment mixture; maintaining 
the treatment mixture at an elevated temperature at or near 
the boiling point of the impregnation solvent and at about 
atmospheric pressure, for from 1 minute to 20 hours; and 
removing excess solvent or solution under a vacuum of 0,01 
to 1 bar (a) to obtain the modified catalyst support, and 
wherein the calcination of the modified catalyst support is 
effected at a temperature from 100°C to 800°C and for a 
period of from 1 minute to 12 hours. 

5. A method according to Claim 4, wherein a silicon- 
based modifying component precursor is used so that the 
modifying component is Si, with the untreated catalyst 
support being alumina, and with the precursor being used in 
a quantity such that the silicon level in the resultant 
protected modified catalyst support is at least 0,06 Si 
atoms per square nanometer of the untreated or fresh 
support . 

6 . A method according to Claim 5 , wherein the 
untreated support is spray-dried Puralox SCCa 5/150 
(trademark) and wherein the precursor is used in a quantity 
such that the silicon level in the resultant protected 
modified catalyst support is not more than 2,8 Si atoms/nm 2 
of fresh catalyst support. 

7. a method according to Claim 4, wherein an 
inorganic cobalt compound is used as the modifying 
component precursor, so that the modifying component is Co. 

8. A method according to Claim 4, wherein an organic 
zirconium compound is used as the modifying component 
precursor, so that the modifying component is Zr. 



WO 99/42214 



PCT/GB99/00527 



33 

9. A protected modified catalyst support, when 
obtained by the method of any one of Claims 1 to 8 
inclusive. 

10. A method of forming a catalyst, which method 
comprises mixing a protected modified catalyst support 
according to Claim 9 with an aqueous solution of an active 
catalyst component or its precursor, to form a slurry, and 
impregnating the protected modified catalyst support with 
the active catalyst component or its precursor, to form the 
catalyst . 

11. A method according to Claim 10, wherein the 
. active catalyst component precursor is cobalt nitrate so 

that the active catalyst component in and on the catalyst 
is cobalt. 

12. A method according to Claim 11, wherein the 
mixing of the protected modified catalyst support and the 
active catalyst component or its precursor aqueous 
solution, and the impregnating, comprises subjecting a 
slurry of the catalyst support or carrier, water and the 
active catalyst component or its precursor to a sub- 
atmospheric pressure environment, drying the resultant 
impregnated carrier under a sub-atmospheric pressure 
environment, calcining the dried impregnated carrier, to 
obtain the catalyst in unreduced form, and washing the 
unreduced catalyst with water. 

13. A method according to Claim 11, wherein the 
support is alumina, and wherein the following two- stage 
cobalt slurry phase impregnation and calcination of the 
active catalyst component precursor is effected: 

in a first stage or step, (l,82xy)kg Co (N0 3 ) 2 . 6H 2 0 , 
where x is the BET pore volume of the alumina in m£/g 
and y is the total mass of the support to be 
impregnated in kg, is dissolved in sufficient 
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distilled water such that the final volume of the 
solution is >xy litre; this solution is heated to a 
temperature between 60 and 95°C; to this solution is 
added the total inventory of y kg support material at 
atmospheric pressure whilst continuous mixing of the 
slurry is maintained; with the gradual application of 
vacuum, under continuous mixing at a temperature 
between 60 and 95°C, the loss on ignition (L.O.I.) 
content of the slurry is reduced, over 3 or more 
hours, from > (136 , 4x) / (1+1, 86x) mass % to a state of 
incipient wetness, with loss on ignition (L.O.I.) 
being defined as the mass % loss observed during 
complete calcination or complete decomposition to 
Co 3 0 4 /Al 2 0 3 ; at the state of incipient wetness (L.O.I, 
of (136,4x)/(l+l, 86x) ) , a vacuum of <20 kPa(a) is 
applied whilst ensuring that the temperature does not 
drop below 60°C under continuous mixing; once the 
state of incipient wetness has been reached, vacuum 
drying is proceeded with in an uninterrupted fashion, 
at the conditions: temperature >60°C, but not higher 
than 95°C / and a vacuum of <20 kPa(a); vacuum drying 
under these specific conditions is maintained until a 
L.O.I. <90% of the L.O.I, value at incipient wetness 
has been reached; direct calcination of this dried 
material at 200°C to 300°C is then effected; and 
thereafter 

in the second stage or step, it is assumed that the BET 
pore volume of the first stage material is x'mf/g, and that 
y'kg of this material is to be impregnated for a second 
time, and the following procedure is adapted for proper 
impregnation: 

a maximum of (l,82x'y') kg Co(N0 3 ) 2 .6H 2 0, where x' is 
the BET pore volume of the first stage calcined 
material in mt/g, and y' is the total mass of the 
first stage calcined material to be impregnated in kg, 
is used during this second impregnation, and is 
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dissolved in sufficient distilled water such that the" 
final volume of the solution is >x'y' litre; this 
solution is heated to a temperature between 60 and 
95°C, to this solution is added the final inventory of 
y' kg of the first stage calcined material is added at 
atmospheric pressure, whilst continuous mixing of the 
slurry is maintained; with the gradual application of 
vacuum, under continuous mixing at a temperature 
between 60 and 95°C, the L.O.I, content of the slurry 
is reduced, over 3 or more hours, to the state of 
incipient wetness; at the stage of incipient wetness, 
a vacuum of <20kPa(a) is applied whilst simultaneously 
ensuring that the temperature does not drop below 60°C 
under continuous mixing; once the stage of incipient 
wetness has been reached, vacuum drying proceeds in an 
uninterrupted fashion, at the conditions: temperature 
>60°C, but not higher than 95°C, and a vacuum of 
<20kPa(a); vacuum drying under these specific 
conditions is maintained until a L.O.I. <90% of the 
L.O.I, value at incipient wetness has been reached; 
direct calcination of this dried material at 200 °C to 
300°C is then effected. 

14. A method according to Claim 13 wherein, during 
either, or both, of the two slurry phase cobalt 
impregnation steps, a water soluble precursor salt of Pt or 
Pd is added, as a dopant capable of enhancing the 
reducibility of the active component, with the mass 
proportion of this dopant to cobalt being between 0,01:100 
and 0,3:100. 

15. A catalyst, when produced by the method of any 
one of Claims 10 to 14 inclusive. 

16 . a process for producing hydrocarbons, which 
includes contacting a synthesis gas comprising hydrogen (H 2 ) 
and carbon monoxide (CO) at an elevated temperature between 
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180°C and 250°C and an elevated pressure between 10 and 40" 
bar with a catalyst as claimed in Claim 15, after 
activation or reduction thereof, to obtain hydrocarbons, by 
means of a slurry phase Fischer-Tropsch reaction of the 
5 hydrogen with the carbon monoxide. 

17. A novel method of treating a catalyst support, 
substantially as described and illustrated herein. 

18. A novel protected modified catalyst support, 
substantially as described and illustrated herein. 

10 19. A novel method of forming a catalyst, 

substantially as described and illustrated herein. 

20. A novel activated or reduced catalyst, 
substantially as described and illustrated herein. 

21. A novel process for producing hydrocarbons, 
15 substantially as described and illustrated herein. 
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Cumulative dissolution profiles of pure and modified alumina supports at a solids 

concentration of 2% (w/w) 
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Cumulative dissolution profiles of pure and modified titania supports at a solids 

concentration of 2% (wjw) 

100 -j ■ — 

90-. 



80-. 




Time (h) 

FIG 7 



WO 99/42214 



PCT/GB99/00527 



417 




FIG 6 



WO 99/42214 



517 



PCT/GB99/00527 



Cumulative dissolution profiles of pure and modified alumina supports 
at a solids concentration of 2% (wfw) 
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Cobalt content in secondary filtered wax for pure 
and modified supported catalysts 
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Dissolution profiles for different crystalline phase 
aluminas at a solids concentration of 2% (wjw) 
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Influence of silicon content on support 
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